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ABSTRACT 


This  report  aummarlxea  results  during  the  period  1  January  thru  31  March  1970: 

a.  Measurement  of  the  dynamic  loads  on  an  exploalve  forming 
die. 

b.  Applications  of  axploalve  welding  to  hardware  configurations. 

c.  Flange  buckling  of  explosively  formed  domes. 

d.  Explosive  punching  of  dual  hardnass  armor. 

e.  Cylindrical  exploalve  forming  dies. 

f.  Exploalve  forming  of  domes  In  vented  dlaa. 

g.  Explosive  forming  of  domes  for  ground  baaed  prasaura 

veaaela. 

h.  The  edge  pull-in  of  exploalvely  formed  domes. 

I.  Fracture  toughness  of  axploslvely  formed  high  atrength 
ateela. 

J.  Terminal  properties  of  titanium, 

k.  Exploalve  welding 

l.  Explosion  welding  of  dual  hardnaes  armor. 

m.  Exploalve  powder  compaction. 
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MARTIN  MARIETTA  CORPORATION 


1,  Measurement  of  the  Dynamic  Loads  on  an  Explosive  Forming  Die 
Principal  Investigators:  L.  Chlng,  D.  Bouma 

a.  Introduction 

Dynamic  strelns  are  being  measured  cn  e  forming  die  while 
forming  aluminum  domes  with  explosives.  The  purpose  of  the  mea- 
surements  Is  to  study  the  mechanics  of  energy  transfer  and  ee- 
tabllsh  parameters  for  a  more  efficient  die  design.  The  mee/ure- 
ments  conducted  so  far  heve  been  mainly  concerned  with  developing 
instrumentation  tachnlques  to  measure  small  strains. 

Die  measurements  to  date  heve  measured  peek  strains  of  100 
micro- Inches  per  Inch.  These  measurements  were  made  on  the  outer 
surfece  of  a  massive  die  which  was  available  for  testing  tha  In¬ 
strumentation  system.  The  test  parameters,  such  as  charge  slse 
and  standoff  distance,  were  estebllshed  to  explosive  form  6  Inch 
diameter  domes.  Higher  die  strelns  could  be  achieved  with  lerger 
else  charges  which  Involve  over-shooting  the  part. 

The  shock  wava  acting  upon  the  Instrumentation  wires  was  found 
to  contribute  to  the  actual  die  strain,  but  this  effect  wes  mini¬ 
mised  to  less  than  15  micro-inches  per  inch  with  the  use  of  water 
tight  electrical  conduit.  All  strain  measurements  In  the  report 
are  relative  and  Include  the  shock  effect  upon  the  lead  wires. 

T«jsts  so  far  indicate  that  the  maximum  die  strain  results  from  the 
initial  shoeh  wave  from  the  explosive  detonation  If  the  forming 
Is  done  on  a  flat  blank. 

In  an  attempt  to  measure  the  energy  utilised  In  forming  the 
pert,  several  tests  were  made  with  no  blank  In  the  die.  Using  the 
dame  forming  data,  die  strelns  were  measured  to  be  180  micro- Inches 
per  inch  as  contrasted  to  the  100  micro- Inches  per  Inch  strain 
measured  whan  a  blank  was  utilised.  Since  the  forming  data  (l.e., 
charge  slse,  charge  type,  end  standoff)  was  Identical  when  a  blank 
was  present,  these  tests  indicate  that  approximately  40%  of  tha 
charge  energy  was  absorbed  in  the  blank  forming.  Subsequent  tests 
revealed  that  Identical  results  could  be  achieved  If  en  extremely 
thick  rigid  plate  wes  substituted  for  the  blank.  Substitution  of 
the  thick  blank  rasulted  In  en  easier  test  set-up  In  addition  to 
protecting  tha  dla  from  blest  demaga. 

b ,  General  Set-  ue 

The  die  was  made  of  4340  steel  and  had  e  12  Inch  outside  dia¬ 
meter  and  measured  6  Inches  In  overall  height.  The  die  cavity  wes 
e  6  Inch  dlamtter  hemisphere.  The  die  was  built  to  be  used  In  e 
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dia  stand  (as  shown  In  Figure  1)  so  thst  vacuum  and  clamping 
fixtures  could  be  applied.  The  blanks  were  0.064  Inch  thick  2014-0 
aluminum  and  9.5  Indies  in  diameter.  The  domes  were  formed  using 
80  grains  of  Composition  A- 3  and  a  1.0  inch  standoff. 

Strain  gage  rosettes  were  mounted  on  the  12  inch  diameter  of 
tha  dia.  The  strains  were  recorded  on  film  using  Wheat  stone  bridges, 
d.c.  differential  amplifiers,  and  oscilloscopes.  'Die  bridges  were 
excited  with  24  volt  batteries  as  shown  in  Figure  2.  Although  .an 
excitation  voltage  in  execs 3  of  24  v.d.c.  would  result  in  a  higher 
bridge  output  and  signal  .:o  noise  ratio,  the  gage*  vendor  recommended 
that  the  24  v.d.c.  voltage  level  not  be  exceeded.  If  the  24  v.d.c. 
level  were  exceeded,  the  gage  factor  would  not  be  linear. 

Immediately  prior  to  ench  teat,  all  channels  were  zeroed  and 
calibrated  by  shunting  known  real  stances  across  the  active  gage 
while  the  die  was  underwater.  The  zero  adjustment  compensates  for 
the  135°F  water  temperature  and  no  other  temperature  compensation 
was  necessary  since  the  temperature  was  constant  during  the  test 
event . 

Zero  test  time  was  coincident  with  the  detonation  of  the  ex¬ 
plosive  charge.  Tills  wan  established  with  a  break  wire  electrical 
circuit  which  triggered  the  oscilloscope.  Hence,  time  zero  on  tha 
trance  was  coincident  with  the  time  at  which  the  charga  detonated. 

c.  Reaults  of  Tast 


Several  tests  to  measure  strains  were  conducted.  Th,?  first 
tasts  were  made  with  a  dual  beam  oscilloscope  in  the  chop  beam  mode 
ao  that  four  channels  could  be  recorded  simultaneously.  These 
tests  were  not  totstly  successful  for  the  following  reasons: 

1)  Electrical  ringing  ii  the  system; 

2)  Excessive  crossing  over  of  the  traces  such  that  the  identity 
of  each  trace  ws i  lust; 

3)  The  chopping  of  the  beam  plus  the  writing  speed  which  was 
required  exceeded  the  capability  of  the  osci 1 loacopa. 

Using  the  dual  beam  oscLlloocope  along  with  a  storage  oscillo¬ 
scope,  it  was  possible  to  record  three  ch  els  of  strain  that  were 
satisfactory  and  rapcatable. 

The  effect  of  the  explosive  blast  on  he  instrumentation  wires 
was  studied  in  a  series  of  teats.  This  was  done  by  exposing  tha  lead 
wires  to  an  underwater  blast  while  the  die  remained  outside  the  pool 
of  watar.  Two  channels  were  recorded  for  comparison;  one  exposed  to 
tha  blast  while  one  was  not.  The  same  size  charge  and  distance  were 
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simulated  as  much  as  possible.  This  test  measured  a  false  strain 
of  100  micro-inches  per  inch.  Several  more  tests  showed  that  this 
false  strain  could  be  minimized  to  less  than  15  micro-inches  per 
inch  with  the  use  of  a  water  tight  conduit  to  protect  the  instru¬ 
mentation  lines  and  the  use  of  shield  pair  wire  for  lead  lines. 

The  die  strains  were  now  measured  to  be  about  100  micro- inches 
per  inch.  Examples  of  the  raw  data  can  be  seen  in  Figure  3.  With 
these  instrumentation  developments,  further  die  strain  measurements 
are  planned  for  other  dies  in  a  die  stress  study  program. 

Applications  of  Explosive  Welding  to  Hardware  Configurations 

Principal  Investigator:  W.  Simon 

a.  Lap  Joint  for  Construction  of  Conical  Ring  from  OFHC  Copper 

(.005  inch  thick) 

Test  welds  have  been  made  with  .005  inch  OFHC  copper.  Tensile 
test  gave  35,000  psi  ultimate  strength  compared  with  41,000-psi  for 
the  parent  metal.  Micrographs  of  the  weld  are  being  prepared. 

b.  Use  of  Cover  Mass  Over  Explosive  to  Reduce  Explosive  Requirement 

An  experimental  verification  of  the  computed  effect  of  cover 
mass  has  been  obtained.  A  seam  weld  with  initial  flange  angle  o£  7° 
in  .090  inch  7039-T6  aluminum  has  been  successfully  made  with  .042 
inch  Detasheet.  Computed  parameters  are:  impact  pressure/yield 
stress  =  5.7,  collision  angle  =  11.9°,  Reynolds  No.  *=  15.2.  With 
explosive  load  reduced  to  .025,  no  weld  occurs.  Parameters  are: 
impact  pressure/yield  stress  =  3.4,  collision  angle  =  9.6°,  Reynolds 
No.  =  9.4.  Finally,  if  explosive  load  is  reduced  again  to  .015  inch 
Detasheet  with  a  .090  inch  aluminum  cover,  a  good  weld  is  again  ob¬ 
tained.  Computed  parameters  are:  impact  pressure/yield  stress  ■ 

6.8,  collision  angle  =  12.6°,  Reynolds  No.  =  17.9. 
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Figure  3  Die  Strains  -  Ra«  Data 


II.  UNIVERSITY  OP  DENVER 


1.  Flange  Buckling  of  Explosively  Formed  Domes 

Principal  Investigstor:  M.  Kaplan 

Graduate  Student:  H.  Boduroglu 

Two  analytical  solutions  for  the  stress  and  strain  flelda  In  the  pre¬ 
buckled  flange  have  now  been  obtained.  The  firat  aolution  waa  obtained 
from  a  r lgld-perfectly  plastic  model  with  no  flange  friction.  The  second 
aolution  was  obtained  from  a  model  which  considered  both  work  hardening 
and  friction. 

In  order  to  check  the  analytical  results,  four  experlmenta  were  dona. 
In  two  of  them  the  contact  aurfacea  of  the  blank  and  the  dla  were  lubri¬ 
cated  to  reduce  friction  effect;  the  other  two  were  done  without  lubri¬ 
cation. 

The  analytically  determined  atraln  fields  for  both  solutions  were  in 
excellent  agreement  with  the  experimental  strains  along  the  entire  width 
of  the  flange.  The  results  indicated  that  friction  effects  are  small  and 
that  work  hardening,  while  significantly  effecting  the  streaa  field,  haa 
little  effect  on  the  strain  field. 

2.  Explosive  Puncnlng  of  Dual  Hardness  Armor 

Principal  Investigator:  W.  Howell 

Post  Doctoral:  A.  Dowling 

The  effect  of  material  hardness  on  the  penetration  produced  by  the 
shaped  part  of  the  charge  was  studied  using  small  1  incur  wedge  segments. 
The  results  showed  that  penetration  was  reduced  by  increasing  the  hard¬ 
ness  of  target  material,  confirming  that  the  velocity  of  the  Jet  wan 
around  the  value  where  strength  effects  are  significant.  This  was 
further  reinforced  by  the  fact  that  for  the  hardest  material,  gii*ui<*».t 
penetration  waa  obtained  using  a  standoff  less  than  the  thcorellcul  opti¬ 
mum.  This  showed  that  the  cutting  effect  came  mainly  from  the  fastest 
part  of  the  jet  which  is  formed  from  the  apex  end  of  the  wedge.  Due  to 
waver,  the  further  the  Jet  travels  before  reaching  the  target,  the  shal¬ 
lower  the  penetration. 

A  more  Important  rasult  which  csma  from  these  tests  was  that  the 
penetration  in  Rc50  material  with  the  linear  wedge  segments  was  approxi¬ 
mately  50%  greater  than  that  obtained  from  circular  shaped  charges. 

Since  thare  is  greater  Jat  confinement  in  the  circular  arrangement,  this 
rasult  should  have  baan  ravcrsad.  Consequently,  another  series  of  tents 
using  the  circular  configuration  was  carried  out,  care  being  taken  when 
sticking  tha  Datasheet  on  to  the  liner.  The  results  were  no  different-- 
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leading  to  r he  conclusion  that  rhc  1/2  inch  leg  length,  70°  angle  circu¬ 
lar  wedge  Involves  too  severe  a  forming  operation  for  Detasheet.  It  tries 
to  spring  back  off  the  liner,  forming  air  pockets  which  drastically  reduce 
the  efficiency  of  energy  transfer.  New  charges  will  be  tried  where  the 
explosive  Is  cast  on  the  liner,  thus  eliminating  the  adhesion  problem. 

3.  Cylindrical  Explosive  Forming  Dies 

Principal  Investigator:  J.  Weese 
Graduate  Student:  R.  Knight 

A  few  6061-T6  aluminum  specimens  0.064  Inch  thick  were  expanded. 

These  shots  were  used  to  check  out  the  Instrumentation.  Some  of  the 
strain  gages  have  been  replaced  and  the  leads  to  the  strain  gages  are 
being  run  through  e  conduit  to  prevent  die  shock  wave  In  the  water  from 
causing  spurious  signals  when  It  passes  the  lead  wires.  The  work  to  com¬ 
plete  six  new  current  sources  Is  almost  completed.  When  this  Is  finished, 
s  total  of  ten  channels  can  be  recorded  at  the  same  time.  Work  on  the 
problem  of  the  Impact  of  the  workpiece  on  the  die  has  been  started. 

4.  Explosive  Forming  of  Domes  In  Vented  Dies 

Principal  Investigator:  J.  Weese 
Graduate  Student:  P.  Hardee 

Additional  testing  of  different  materials  In  the  vented  die  was  ac¬ 
complished.  A  dome  was  successfully  formed  out  of  .059  thick  mild  steel 
with  no  hobnailing.  However,  the  cherge  size  wes  critical.  Domes  were 
formed  from  aluminum  blenks  bot  >  1/8  and  1/16  thickness.  These  were  not 

completely  successful.  One  test  was  made  with  1/3  of  the  holes  plugged. 

In  the  course  of  the  shot  half  the  plugs  were  knocked  out,  but  the  area 
reduction  still  amounted  to  1/6  of  the  ares  of  the  holes.  This  reduced 
the  porosity  from  187.  to  157.,  approximately.  There  wss  no  lndlcetlon  of 
reslstence  to  forming.  An  analysis  is  being  done  in  en  attempt  to  form  e 
mathematical  model  from  which  to  make  estimates  of  porosity  and  hole  size 
requirements.  With  this  Information  s  new  die  will  be  made  for  further 
tasting. 

We  are  giving  additional  consideration  to  conducting  tests  to  deter¬ 
mine  directly  the  pressure  time-history  of  the  region  between  the  blenk 
and  the  die. 

5.  Explosive  Forming  of  Domes  for  Ground  Based  Pressure  Vessels 
Principal  Investlgetor :  A.  Ezra 

Post  Doctoral  A.  Dowling 

Pursuant  to  achievement  of  technology  transfer  objectives,  certein 
types  of  domes  for  ground  based  pressvre  vessels  have  been  selected  for 
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scale  model  work.  The  objective  la  to  aatabllah  explosive  forming  para¬ 
meters  for  spaclflc  full  scale  applications  for  steel  domes  having  a 
fairly  wide  range  of  draw  depths  and  D/t  ratios.  Families  of  curves  will 
be  prepared  to  provide  easy  access  to  parametric  values  necessary  to  form 
a  particular  dome. 

6.  Tha  Edge  Pull-In  of  Explosively  Formed  Domes 

Principal  Investigator:  M.  Kaplan 

Graduate  Student:  S.  Kulkarnl 

Effort  has  bean  directed  coward  finding  means  of  simplifying  tha 
extremely  complex  governing  equations.  In  particular,  we  have  conducted 
experiments  to  determine  If  the  pull-in  In  statically  formed  domes  would 
be  the  same  as  In  thosa  formed  dynamically.  Wa  conducted  our  tests  with 
2014-0  aluminum  blanks  and  a  die  to  assura  the  same  final  shape  in  both 
cases.  The  results  Indicate  that  aven  though  the  strains  are  somawhat 
different  In  the  dome,  the  edge  pull-ins  are  nearly  Identical.  This  re¬ 
sult,  of  course,  Is  only  valid  for  tha  standoff/dlameter  ratio  of  1/6 
which  was  used  In  the  dynamic  tests.  For  this  particular  L/D,  however, 
the  inertia  terms  In  the  governing  equations  may  be  neglactad  In  deter¬ 
mining  pull-in  as  a  function  of  draw  depth. 

7.  Fracture  Toughness  of  Explosively  Formed  High  Strength  Steels 

Principal  Investigator:  H.  Otto 

Graduate  Students:  R.  Mlkesell,  C.  Yin 

Impact  specimens  have  been  fabricated  from  explosively  formed  stock 
of  4130,  4340,  and  HY-80  steel.  Specimens  of  tha  4130  and  4340  were  se¬ 
lected  at  equivalent  strains  of  0.05  and  0.10  Inch/Inch.  The  HY-80  speci¬ 
mens  were  selected  at  a  strain  of  0.10  Inch/Inch.  For  comparison  purposes, 
basa  stock  of  all  the  steels  was  cross  rolled  to  tha  same  equlvalant 
strains.  All  Impact  specimens  have  been  fabricated  to  ASTM  specifications 
for  sub-size  Charpy  V-notch  (0.197  x  0.394  lnchas  cross  section).  Speci¬ 
mens  ara  currantly  being  heat  treated. 

Fractura  toughness  tests  of  tha  explosively  formed  and  heat  treated 
4130  and  4340  steals  are  currently  underway. 

Metallographlc  Investigations  of  the  mlcrostructuras  of  explosively 
formed  and  heat  traatsd  HY-80  were  concluded.  A  trend  had  been  obsarved 
with  tha  mechanical  propertied  of  tha  formed  and  heat  treated  specimens  In 
which  Increasing  forming  strains  resulted  In  lower  mechanical  strengths 
after  heat  treatment.  Grain  size  measurements  were  nada  and  the  data  ob¬ 
tained  was  treated  by  statlatlcal  means.  Tha  statistical  rasults  lndlcatad 
no  difference  existed  In  the  grain  size  after  haat  treatments  which  could 
axplain  the  obsarved  trand. 

Specimens  from  the  explosively  formed  domes  are  currantly  balng  Impact 
tastad  In  tha  as-formad  and  formed  and  heat  treated  conditions. 
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8.  Terminal  Properties  of  Tltenlum 

Principal  Inveat lgetora:  R.  Orava ,  H.  Otto 
Graduate  Student:  P.  Khuntla 


The  objective  of  thla  Investigation  la  to  generete  Information  con¬ 
cerning  the  reletlve  Influence  of  explosive  end  conventional  forming  on 
the  terminal  behavior  of  unalloyed  a-tltanlum  (TMCA  50A)  and  or-0  titanium 
alloy  (6A1-4V).  The  study  Includes  the  evaluation  of  microstructure, 
herdness,  tensile  flow  characteristics,  stress  corrosion  crecklng  sus¬ 
ceptibility,  and  thermal  response.  Test  semples  were  selected  from  ex¬ 
plosively  free-formed  and  from  laoBtatlcally  rubber  pressed  domes. 


Except  for  the  determination  of  the  affect  of  forming  rate  on  recovery 
and  recrystalllzetlon  characteristics,  the  work  on  T1-50A  has  been  com¬ 
pleted.  The  dependence  on  strain  and  rate  of  the  microstructure,  as  ex¬ 
amined  optically,  wes  reflected  in  the  following  twin  densities. 


Forming 

History* 

Effective  Forming 
Strain.  4*  (7.) 

7.  of  Grains 
with  Twins 

Twin 

Density  (cm 

UF 

0 

0 

0 

IF 

2.9 

1.1 

0.4  x  104 

KF 

2.9 

30.2 

16.9  x  104 

IF 

6.0 

7.0 

4.0  x  104 

EF 

6.0 

68.2 

52.5  x  )04 

*  UP:  unformed;  If:  laoatatlcelly  formed;  EF:  explosively  formed. 


Aa  expected,  the  higher  forming  rate  la  considerably  more  conducive  to 
raechenlcal  twinning  than  the  lower  rate. 


However,  this  dlffarance  In  twin  density  either  does  not  contribute 
to  a  rate  dependence  of  terminal  inechenlcel  properties  and  stress  corrosion 
raslstance,  or  If  it  does,  the  contribution  Is  almost  exactly  counter¬ 
balanced  by  the  contribution  from  a  difference  In  defect  substructure. 

The  letter  possibility  seems  unlikely. 


Typical 
371  effective 


mechanical  properties  of  as-formed  T1-30A  ere  given  below  for 
forming  strain. 


10 


True 

Ultimate 

Forming 

0.27.  \S 

UTS 

UTS 

Strain 

El. 

K.A. 

History 

(kail 

(ksl) 

(ksl) 

C7.) 

m 

SZL. 

UP 

46.5  (LY) 

62.1 

70.7 

14.0 

25.1 

60.1 

IF 

50.2 

60.5 

67.7 

10.0 

27.9 

60.0 

EF 

51.2 

60.9 

68.1 

11.0 

29.9 

61.8 

EB 

82.5 

90.5 

91.1 

1.8 

8.0 

47.3 

*  EB:  Exp lot Ion  bonded 

A  statistical  analysis  of  true  ultimate  stresses  showed  that  there 
is  no  reason  to  expect  any  difference  In  strength  between  explosively 
formed  and  lsostatlcally  formed  material.  The  true  ultimate  stress  Is 
considered  to  be  the  best  measure  of  the  terminal  strength.  Consider, 
for  example,  the  results  in  the  last  row  of  the  previous  table  for  ex¬ 
plosion  bonded  T1-50A.  The  true  ultimata  stress  clearly  illustrates  the 
large  effect  due  to  shock  loadlng--an  increase  In  strength  of  nearly  307. 
over  either  unprestralned  or  formed  material. 

The  effect  of  forming  strain  and  rata  on  the  susceptibility  of  T1-50A 
to  cracking  In  a  methanol-0.57.  HC1  solution  at  907.  of  the  yield  stress  can 
be  aunmarlzed  as  follows: 

a.  In  all  caaea 

tf  (lsostatlcally  or  explosively  formed)  7  (unformed); 

b.  In  all  cases 

tf  (explosively  formed)  >  t^  (lsostatlcally  formed)  where  tf 

Is  the  mean  failure  time. 

In  conclusion,  forming  tc  effective  strains  of  3  or  47.  cnhancon  the 
resistance  of  T1-50A  to  methanol  cracking.  Moreover,  explosive  forming, 
as  compared  with  laoatatlc  forming  to  an  equivalent  strain,  probably  does 
not  Influence  cracking  suaccptlblllty;  If  anything,  resistance  may  be 
slightly  Improved. 

Methanol  cracking  testa  on  the  shock-deformed  T1-50A  cladder  plate 
are  Incomplete.  Preliminary  results  have  revealed  that  tf  Is  approxi¬ 
mately  the  same  as  for  unformed  material  at  907.  of  the  yield  stress.  How¬ 
ever,  It  must  be  emphasised  that  the  absolute  stresses  applied  to  the 
shocked  and  unatralned  material  were  41.9  and  72.0  ksl,  respectively. 

The  latter  Is  greater  than  the  atress  which  unprestralned  T1-50A  can 
sustain  In  the  absence  of  sn  adverse  environment. 
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The  average  tensile  properties  of  T1-6A1-4V  formed  to  6.0?.  effective 
strain  were: 


Forming 

History 

0.27.  YS 

UTS 

liiil 

True 

UTS 

■C.k.a.u 

Ut  t lraate 
Strain 

m _ 

El. 

a) 

R.A. 

SSL 

UF 

137.3  (LY) 

142.6 

153.0 

7.3 

11.2 

36.5 

IF 

128.8 

148.1 

152.9 

3.3 

8.4 

33.3 

EF 

127.6 

147.4 

153.6 

4.2 

8.  8 

33.0 

Differences  among  the  true  ultimate  strengths  of  unformed,  Isoh tat  leal ly 
formed,  and  explosively  formed  materlul  are  not  significant. 

The  evaluation  of  the  terminal  susceptibility  of  T1-6A1-4V  to  cracking 
in  a  methanol-0.057.  HC1  solution  at  S07.  of  yield  Is  nearing  completion. 
Although  all  three  atatlstlcal  decisions  Indicated  that  the  resistance  of 
explosively  formed  material  la  the  same  as  that  of  lsostat leal ly  formed 
stock,  the  mean  failure  time  of  the  former  exceeded  that  of  the  latter  In 
each  Instance. 

9.  Explosive  Welding 

Principal  Investigator:  S.  Carpenter 

Graduate  Students:  V.  Wlnchell,  M.  Nagarkor 

Strains  developed  In  cladder  plates  arc  being  defined  to  determine 
whet  ahear  atreases  can  exist  that  might  limit  applications  of  explosive 
bonding.  Diffusion  studies  are  being  conducted  on  a  comparative  basis 
with  conventionally  bonded  dissimilar  metals. 

V.  Wlnchell 


Tha  first  study  concerned  with  the  determination  of  strains  In  a 
claddar  plats  of  an  explosively  bonded  sample  has  been  completed.  A  line 
scribed  across  the  surface  of  a  6061-T6  aluminum  specimen  (6"  x  3"  x  1/8") 
was  usad  as  the  reference  for  all  measurements  taken  before  and  after 
welding.  A  series  of  99  holes  (0.008°  diameter)  was  used  as  fiduciary 
markers.  Eleven  holes  0.100  Inch  apart  corap'  Lead  a  "group"  with  three 
groups  being  drilled  parallel  and  aligned  In  the  direction  of  welding 
(along  tha  6  inch  dimension  of  the  specimen)  near  the  start,  middle,  and 
anr  of  tha  cladder  plata. 

Momentum  arresters  enclosed  tha  specimen  during  welding.  Surfece 
measurements  bafore  end  after  welding  reveeled  greeter  movement  In  the 
end  hole  groups  and  the  least  elongation  In  the  material  near  the  start 
of  tha  weld. 
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To  determine  the  nature  of  the  shear  flow  developed  In  the  cladder, 
the  region  of  the  hole  groups  was  removed  by  milling  parallel  to  the  weld 
Interface.  In  relationship  to  this  Interface,  machining  was  dona  to 
relative  thickness  of  1/2T,  1/AT,  1/8T,  and  1/16T.  Hole  positions  were 
evaluated  In  terms  of  tensile  strains  with  respect  to  the  original  hole 
positions.  Utilizing  the  deformation  within  each  plane,  the  spacing 
between  planes  allowed  shear  stresses  to  be  calculated. 

An  average  of  the  calculations  with  respect  to  an  Internal  reference 
revealed  that  an  originally  vertical  marker  would  have  the  final  configura¬ 
tion  given  In  Figure  A. 

Flow  through  the  top  thrae-fourtha  of  the  plate  can  be  attributed 
to  deformation  resulting  from  the  detonation  of  the  explosive.  The  region 
at  1/AT  directly  above  the  weld  Interface  shows  a  decided  change  In  tha 
marker  configuration.  This  Is  the  result  of  the  bonding  mechanism.  Ma¬ 
terial  near  the  weld  surface  has  been  stretched  which  would  result  In 
residual  stresses.  Stresses  of  this  nature  would  dish  the  welded  plate 
which  Is  In  agreement  with  experimental  observations.  The  conclusion  can 
be  made  that  the  flow  characteristics  developed  within  the  cladder  plate 
contributes  to  the  dished  configuration  commonly  found  in  welded  speci¬ 
mens. 


Current  claddei  plate  flow  studies  are  involved  with  a  2A"  x  8"  x  1/A" 
piece  of  cold-rolled  steel  welded  to  a  base  plate  of  an  Identical  size  and 
composition.  In  this  Investigation,  18  specifically  placed  holes  (0.0135 
Inch  diameter)  are  being  usad.  The  purpose  of  this  experiment  Is  to  deter¬ 
mine  If  tensile  strain  and  shear  stresses  Increase  with  Increasing  length. 

10.  Explosion  Welding  of  Dual  Hardness  Armor 

Principal  Investigator:  R.  Wlttman 

During  the  past  quarter  the  program  objective  has  been  to  produce  a 
ateel/tltanlum  alloy  armor  plate  that  Is  suitable  for  ballistic  testing. 

Previously  reported  welding  parameter  studies  demonstrated  the  feasi¬ 
bility  of  welding  T1-6A1-AV  alloy  to  the  steel  armor  plate.  Analysis  of 
these  coupon  welds  Indicates  the  armor  steel/ titanium  alloy  direct  bond  Is 
of  marginal  quality  due  to  the  large  differences  that  exist  In  the  flow 
characteristics  of  these  materials.  To  overcome  this  difficulty,  a  third 
more  ductile  metal  between  the  steel  and  titanium  alloy  was  Included. 

Two  larger  scale  explosion  welding  experiments  were  conducted  In  an 
attempt  to  produce  a  6"  x  12"  steel/tltanlum  alloy  plate  for  ballistic 
testing.  The  first  experiment  used  a  12"  x  12"  x  .2"  steel  armor  plate 
at  the  base  for  welding.  To  this  an  attempt  was  made  to  explosion  weld 
12"  x  12"  x  0.020"  of  unalloyed  titanium  to  serve  as  a  compatible  Inter¬ 
mediate  layer.  Tha  titanium  to  steel  weld  that  resulted  was  not  of  high 
enough  quality  to  warrant  a  second  explosion  weld  of  titanium  alloy  onto 
the  surface  of  the  unalloyed  titanium. 
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Weld  Interface 


Tha  aacond  expar lraant  used  a  12"  x  12"  x  .2"  ateel  amor  plate  aa 
the  baae.  To  thla  waa  exploalon  welded  a  0.032  Inch  thick  Iron  aheet 
to  aerva  aa  a  ductile  Intermediate  layer.  The  weld  appeared  to  be  of 
high  quality.  In  preparation  for  exploalon  welding  a  T1-6AI-4V  alloy 
plate  to  the  aurface  of  the  Iron  prevloualy  welded,  It  was  neceaaary  to 
flatten  the  lron/ateel  compoalte  plate.  The  flattened  plate  waa  then 
mated  to  a  one  Inch  thick  cold-rollad  ateel  anvil  by  a  thin  layer  of 
aolldlfled  lead-tin  alloy,  thua  providing  for  good  ahock  wava  coupling. 

A  0.090"  x  12"  x  12"  thick  T1-6A1-4V  alloy  plate  wee  exploalon  welded 
to  the  Iron  aurface  of  the  Iron/armor  ateal  compoalte.  A  20  g/ln. 
loading  of  Red  Croaa  40 %  Extra  dynamite  waa  uaed  on  the  titanium  alloy 
flyer  plate.  The  parallel  atandoff  waa  1/8  Inch.  The  appearance  of  the 
exploalon  welded  plata  waa  good.  Tha  normal  region  of  non-bond  around 
the  periphery  of  the  plate  waa  cut  away  and  the  remaining  atoel/tltanlum 
alloy  armor  plate  waa  given  to  the  Army  Materlala  and  Mechanlca  Reaearch 
Center  for  further  evaluation. 

11.  Exploalve  Powder  Compaction 

Principal  Inveatlgator :  H.  Otto 

Graduata  Student:  D.  Wltkowaky 

The  lltarature  aurvey  on  exploalve  compaction  of  powdera  waa  com¬ 
pleted.  Thla  aurvey  lndlcatea  that  aeveral  different  mathoda  are  avail¬ 
able  for  compaction  of  powdera,  but  In  moat  lnatancaa  the  time  Involved 
la  greater  than  for  convantlonal  tachnlquao.  However,  denaltlaa  of  ax- 
ploalvely  compacted  powdara  are  conalderably  higher  than  can  be  achieved 
by  praaa  type  operatlona.  Higher  compectlon  denaltlea  generally  raault 
In  lower  elnterlng  temparaturea  and  time.  Reaultant  grain  growth  la  not 
aa  pronounced  which  meana  higher  atrangtha  can  be  realized. 

Several  powder  compact  a  have  baen  made  with  ateel  powder  for  rolling 
preforma.  Thaae  axperlmenta  are  daalgnad  to  give  data  on  how  exploalve 
loading  will  affect  the  compacted  danalty  and  also  any  poat  compertl on 
heat  treatment.  IXiPont  Rad  Croaa  407.  Extra  dynamlta  haa  been  uaed  to  date. 
In  making  a  aheet  approximately  1/4  Inch  thick,  the  poat  compaction  den- 
alty  varlea  from  about  947.  to  98%  of  theoretical  by  varlng  the  weight  of 
exploalve  to  metal  ratio  from  0.6  to  1.1.  The  denalty  prior  to  exploalve 
loading  waa  held  conatant  at  747.  of  thaoratleal.  Compact  thlckneaaee  are 
now  being  varied  to  determine  axploalva  bonding  to  metal  ratioe  for  high 
denalty  compacta. 

Expjrlmanta  have  baan  conducted  In  which  carbide  tool  compoaltlona 
and  compoaltea  have  baen  mada.  Thaaa  materlala  are  currently  being  evalu¬ 
ated. 
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a.  Explosive  powder  compaction. 


DD 


FORM 

I  JAN  «4 


1473 


Unclassified _ 

Security  Clesaiflcattoe 


Unclassified 


leeway  Clssslflcstlon 


14 

LINK  A 

LINK  S 

LINK  e  i 

KSv  eonot 

hots 

WT 

ttOi-S 

*T 

noLg 

NT 

Energy  Requirements 

Energy  Trsnsfer 

Ductility 

Strain  Rate  Effects 

Explosive  Welding 

Mechanical  Properties  Before  and  After 

Forming 

instructions 


1.  ORIGINATING  ACTIVITY:  Enter  the  nan*  and  addraaa 
of  I  ha  contractor,  aubcontractor,  grantee,  Department  of  Da 
fenee  activity  or  othar  organisation  f corpora/#  author)  Issuing 
tha  report. 

2a.  REPORT  SECU1ETY  CLASSIFICATION:  Entar  tha  avaa> 
all  aacurlty  claaalflcatlon  of  tha  raport.  Indie  ala  whether 
"Re atrlcted  Data"  la  include*  Halting  la  to  bo  In  accord¬ 
ance  with  appropriate  aacurlty  regulations. 

2b.  CROUP;  Automatic  downgrading  la  apeclflad  In  OoD  DP 
rectlve  5200.10  and  Armad  Porcaa  lnduatrlal  Manual.  Entar 
tha  group  number.  Alao,  whan  applicable,  ahow  that  optional 
markinga  have  baan  ueed  for  Croup  )  and  Oroup  4  aa  author* 
lead- 

3.  REPORT  TITLE:  Enter  tha  complete  report  title  In  all 
capita!  letters.  Tltlea  In  all  caaaa  should  ba  unclassified. 

If  a  meaningful  title  cannot  bo  aa  I  act  ad  without  claaelflcm 
tlon,  ahow  title  claaalflcatlon  In  all  capltala  In  parenlhesla 
Immediately  following  tha  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
raport,  a.g..  Interim,  progroaa,  summery,  annual,  or  final. 

Olva  tha  Indualve  dataa  whan  a  specific  reporting  period  la 
covered. 

3.  AUTHOR(S):  Enter  tha  name(a)  of  authoKa)  aa  ehown  on 
or  In  tha  raport.  Entot  last  name,  ftrel  name,  middle  Initial. 

If  military,  ahow  rank  and  branch  of  aarvlca.  Tha  name  of 
the  principal  «:<thor  is  an  abaolula  minimum  requirement 

6.  REPORT  DATL  Entar  tha  data  of  the  raport  aa  day, 
month,  year;  or  month,  yaar.  If  more  than  one  data  appears 
on  tha  raport,  use  data  of  publication. 

7a.  TOTAL  NUMBER  OP  PACES:  Tha  total  page  count 
ehould  follow  normal  pagination  procedurea,  l.a.,  entar  tha 
number  of  pagaa  containing  Information 

7b  NUMBER  OP  REFERENCES  Entar  tha  total  number  of 
referancaa  cltad  In  tha  raport. 

Sa.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
tha  appllrabla  numbar  of  the  contract  or  grant  under  which 
lha  report  was  written. 

Sb.  Sc,  k  Sd  PROJECT  NUMOERi  Entar  tha  appropriate 
military  department  identification,  such  aa  projact  numbar, 
subproject  numbar,  ayatam  numbers,  task  numbar,  ate. 

9a.  ORIGINATOR'S  REPORT  NUMBER(S):  Entar  tha  offi¬ 
cial  raport  numbar  by  which  tha  document  will  ba  Identified 
and  controlled  by  lha  originating  activity.  This  numbar  must 
be  unique  to  this  raport. 

9b.  OTHER  REPORT  NtJMBER(S):  If  tha  raport  has  baan 
eaalgned  any  othar  report  numbers  fa  lifter  by  the  originator 
or  by  lha  sponsor,),  alao  enter  this  numbor(a). 

10.  AVAILABILITY/LIMIT'.TION  NOTICES:  Enter  any  lim¬ 
itations  on  further  dissemination  of  tha  raport,  othar  than  those 


Unci* 8 gif  led 


Imposed  by  aacurlty  claaalflcatlon,  uaing  standard  statements 
such  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  thia 
raport  from  DDC" 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  la  net  authorise* " 

(3)  "U.  I  Oevamment  agencies  may  obtain  capias  of 
this  raport  directly  from  DDC.  Other  qualified  DDC 
ueere  shall  requeet  through 


(4)  "U.  9.  military  aganclaa  may  obtain  capias  af  this 
raport  directly  from  DDC  Othar  qualified  users 
shall  requeat  through 

IS 

i-  -  » 

(5)  "All  distribution  of  this  report  Is  contrails*  Qual¬ 
ified  DDC  ueere  shall  request  through 

«• 

--------  -  ...  _ _ -  S 

If  tha  raport  has  baan  furnished  to  tha  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  tha  public,  IndP 
cate  this  fact  and  enter  tha  price,  If  known. 

!L  SUPPLEMENTARY  NOTES.  Use  for  additional  enplane* 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY  Enter  the  name  of 
tha  departmental  projact  office  or  laboratory  sponsoring  (pa je 
Ini  lot)  tha  raaserch  and  development.  Include  address. 

13  ABSTRACT:  Entar  an  abstract  giving  a  brief  and  factual 
summery  of  tha  document  indicative  of  tha  report,  even  though 
It  may  also  appear  alsswhara  In  tha  body  of  tha  technical  ra¬ 
port.  If  additional  apace  ia  required,  a  continuation  sheet  shall 
ba  attached 

II  ia  highly  desirable  that  tha  abstract  of  classified  reports 
ba  unclassified  Each  paragraph  of  the  abstract  shall  and  with 
an  indication  of  tha  military  aacurlty  classification  of  lha  In¬ 
formation  In  tha  paragraph,  represented  as  IT »>  It)  (C).  ar  (V) 

Thera  ia  no  limitation  on  tha  leneth  of  tha  abstract  How¬ 
ever,  the  auggastad  length  is  from  ISO  to  22S  words 

14  KEY  WORDS:  Kay  words  are  technically  meaningful  terms 
or  short  phraaaa  that  characterise  a  report  and  may  ba  used  aa 
Indaa  entries  for  cataloging  tha  report  Kay  words  must  ba 
aelectsd  ye  that  no  aacurlty  classification  Is  required  Identi¬ 
fiers,  such  aa  equipment  modal  designation,  trade  name,  military 
projact  coda  name,  geographic  location,  may  ba  used  aa  key 
worda  but  will  ba  followed  by  an  indication  of  technical  con 
test.  The  assignment  of  links,  rules,  and  weights  is  optional 


SscutMy  Classification 


